Introduction
The present work is the second half of a series of extended measurements which were carried out with the aim to provide a set of very accurately measured y-rays most of which are frequently used for the calibration of Ge(Li) detectors. As in the previous part of our work 1 the 411.794 keV y-ray from the decay of 198 Au was used as standard.
Sources of 5 'Co, 60 Co and 13 'Cs are part of the set of standard y-ray sources. The radioisotope lo2 Eu is becoming more and more interesting both for energy-and efficiency 2 calibrations of Ge(Li) spectrometers. The lines of 153 Sm were measured because they provide a set of close lying calibration lines in the K-X-ray-lines region of the heavy elements. The 675 keV line of 198 Au is of interest for a more comprehensive work 3 which is being performed in order to arrive at a rather complete set of very accurately measured y-rays for calibration purposes.
Experimental Method
The measurements were carried out with an interferometric curved crystal spectrometer. The instrument, the measuring procedure and the data reduc- Sm and 198 Au were produced at the Merlin reactor of the Kernforschungsanlage Jülich. Their activities were of the order of 5 Ci, 4 Ci, and 10 Ci respectively.
Results
The results of our measurements are listed in the columns 2 and 3 of Table 1 . The 7-ray energies Ec ± d£"c are based on all of the 7-rays ET + dET of one nuclide and the combination principle so that these values Ec + dEc are recommended as calibration line energies. If the combination principle cannot be applied, which is the case for the listed lines of 37 Co, ÖO Co, and 137 Cs, the 344 keV line of 152 Eu and the 675 keV line of 198 Au, the energies Er + dEr should be used.
A comparison of the measured relative energies Er with the fitted energies Ec shows that our results are intrinsically consistent (see column 6 of Table 1 ). Data from other groups and our preliminary result 5 on the 675 keV line are given in the last two columns.
Our relative energies of the lines from the decay of 57 Co have an accuracy which has been improved by more than one order of magnitude in comparison with the previous results 0 and the Ge(Li)-data Because of the strong absorption in the 4 mm thick quartz crystal and the limited angular range of the spectrometer the 14.4 keV }'-line was not accessible to direct measurement. Its energy can, however, be obtained through the application of the combination principle as 14.41266 keV± 0.32 eV for Er + dEr. It is in good agreement with the results of Heim and Schult 6 : 14.4147 keV± 2.5 eV, of Beaden 8 : 14.4125 keV (with a relative error which is probably around 2'10~5), of Konijn and Lingemann 9 : 14.408 keV ± 5 eV, and of Helmer, Greenwood and Gehrke 7 : 14.410 keV± 6 eV.
Our relative energies of the two 7-rays following the /?-decay of 60 Co are also much more accurate than the published data. A few comments should be made to explain our quoted errors. 1) These errors correspond to an accuracy in the measurement of the peak position to ~ 3/1000 of the FWHM in the fifth order of reflextion. In general, very small asymmetries of the line shapes as are routinely obtained al Ge(Li) measurements imply systematic errors which are larger. At a curved crystal spectrometer, however, the asymmetry of the reflection at the positive Bragg angle is the same as at the negative Bragg angle, and since the angular difference is measured, the asymmetry does not affect the energy determination. 2) Great care must be exercised to correct for background slopes. For this reason, a separate measurement was carried out where the region around the Bragg reflections of the G0 Co lines was measured (see Figure 1 ). This spectrum yields a small slope of the background which causes a line shift of about 4 eV which has been corrected for. 3) Systematic errors of the spectrometer might lead to small displacements of the reflections 4 . Therefore, the lines were measured in the third and fifth order of reflections. The energy error dE of a 7-line measured at a crystal spectrometer is generally proportional to Ey 2 /n, where n is the order of reflection. Lines with smaller energies can, therefore, be measured with much better accuracies dE, in particular, if they are recorded in high order reflection. For the calculation of the mean energies we have used weight 3 for the third order reflection and
5000-
weight 5 for the fifth order reflection. This is reasonable if one assumes that the systematic error of the spectrometer does not depend on the Bragg angle as long as it is small. One can then calculate the errors either from the quoted errors or from the deviations of the individual values from their weighted mean. Taking the larger error in both cases, we find the relative energies listed in Table 1 . Their agreement with the previous results and the old data by Murray, Graham, and Geiger is very good. Also in the case of the 137 Cs line a significant improvement in energy accuracy has been achieved. The previous value is in very good agreement with our result.
Our data on the energies of the y-rays from the decay of 152 Eu have accuracies which are up to a factor of 100 higher than those of the Ge(Li) data by Aubin, Barette, Lamoureux, and Monaro 10 . A more accurate energy than obtained by these authors for the 121 keV line had already been measured 11 ten years ago, namely 121.784 +7 eV. With the use of the combination principle we are able to determine rather accurate 7-ray energies also for the 1086 and 1408 keV lines. These energies Ec + dEc are contained in Table 1 .
The relative energies of the 153 Sm lines had been measured with very high accuracy already by Mühl-bauer 13 using the automatized Riso spectrometer 14 . During his measurements the spectrometer 14 had been calibrated with the Ka Röntgen line energies given by Bergvall 15 with an absolute energy accuracy around 1.5 x 10~5 in total.
Apart from Mühlbauer's 89.4 keV line energy which is less by 1.8 eV (i. e. 2 x 10" 5 ) than our result and his 172 keV line energy which is larger (by 5.3 eV) than ours, very good agreement is observed between both sets of data. This is, in particular, true if his set is reduced in energy by a common scaling factor of about 6 x 10~6. Therefore, one has to conclude that Bergvall's energies are fully consistent with the present data within his quoted errors 15 .
Our new result for the energy of the 675 keV gold line is in full support of our preliminary 5 energy. It is interesting to note that the best figure for the energy distance between this gold line and the 137 Cs line is given as 14.229 ± 0.003 keV 7 . Adding this energy to our energy of 675.8727 + 0.0038 we obtain 661.6437 + 0.0050 in relative energy units. This figure is in complete agreement with our measured energy of 661.6492 + 0.0052.
Conclusion
The relative energies reported in this work as well as those given previously 5 ' 1 form a complete set for a very accurate relative energy calibration of Ge(Li)-and other y-ray-spectrometers. It should be kept in mind that all of these energies are based on the value of 411.794 keV for the gold line. Very recent results show, however, that the absolute energy of the gold line has to be increased somewhat [16] [17] [18] . This is important in all cases where absolute energies are required with accuracies better than 2 x 10 -5 .
